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Abstract 
An abundant record of Vallesian and Turolian Hipparion has given rise to a 
proliferation of taxonomic names and considerable systematic confusion. This situation 
is reflected at Venta del Moro (MN13) where specimens have been identified variously 
as Hipparion similar to the Layna locality and H. primigenium the large-sized form, 
later is indicate the possible presence of H. primigenium, H. gromovae and another 
distinct form call Hipparion sp. I, and even these remains are assigned to H. cf. H. 
dietrichi. Comparison of Venta del Moro specimens to those from Pavlodar 
(Kazakhstan, small form), Sahabi (Lybia), Samos (Greece), Höwenegg (Germany) and 
four Spanish sites: Cerro de la Garita (Concud) (Middle Turolian, MN12), Arquillo, 
Milagros and Las Casiones (these latter late Turolian, MN13) indicates two species of 
Hipparion at Venta del Moro: H. primigenium and H. matthewi. These results suggest 
an extensive dispersion of H. matthewi and the persistence of H. primigenium in Spain 
throught the end of the Miocene. 
 
Key words: Equidad, Hipparion, Multivariate análisis, Turolian, Late Miocene, Venta del Moro, 
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1. Introduction 
The genus Hipparion is recorded in Eurasia from the early Vallesian to the early 
Villafranchian (Upper Miocene-Upper Pliocene). Many early Vallesian species and 
subspecies were named, and most of them were later grouped into the species H. 
primigenium (FORSTEN 1968; ALBERDI 1974). During the Turolian, the genus widely 
diversified throughout Eurasia. A size reduction of the medium-sized species (H. 
mediterraneum, H. concudense, etc) led to very small-sized species, which are found 
not only in the Spanish Turolian (H. gromovae, H. periafricanum), but also in Russia 
and some Greek sites (H. matthewi, H. macedonicum) (FORSTEN 1968; ALBERDI 1974; 
KOUFOS 1980, 1987; among others). In the following age, Alfambrian (=Ruscinian), the 
Hipparion record decreases in both number and diversity in all Eurasia, and especially 
within the Mediterranean area.  
The abundant Eurasian record of Vallesian and Turolian Hipparion gave rise to a great 
proliferation of taxonomic names. In 1968, Forsten began to synthesize them using 
statistical methods. Later, ALBERDI (1974), by means of statistical methods that 
combined morphological and biometrical features, set limits to the reduced 
systematization made by Forsten. Afterwards, ALBERDI (1989) established a total of six 
morphotypes sensu lato in an attempt to unify the Eurasian and African Hipparion 
species from the early Vallesian to the early Villafranchian. Recently, several authors 
have proposed subdividing the species into different genera and subgenera. Based on 
Chinese Hipparion remains, QIU et al. (1987) proposed grouping several Chinese 
species into different subgenera. BERNOR et al. (1996, p. 333) placed all species of 
Hipparion genus into the Hipparionini tribe and grouped them into several genera or 
group complexes. These include a minimum of four superspcific evolutionary 
compexes: Hippotherium Complex (include 13 taxa), the Hipparion s.s. group (6 taxa), 
the Cremohipparion group (7 taxa), and the “Plesiohipparion” group (6 taxa) belonging 
to the Sivalhippus complex.   
The nomenclatorial history of Hipparion species is getting more and more complicated. 
We believed that this is due to the philosophical differences in relationship to the 
taxonomical meaning as a tool to do more easily the comparison between genera and 
species. In our opinion, it is necessary to try looking the features in a morphological 
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sense into a more large context to provide a global frame work for defining the 
morfotype of Hipparion sensu lato (see PESQUERO et al. 2006).  
The main goals of this paper are: - to know the more important features of the 
specimens found in the late Turolian locality of Venta del Moro (Valencia, Spain); - to 
know the systematic state of the Venta del Moro remains; - to know their relationship 
with other Eurasiatic species and frame their evolutionary history. This study includes 
other Eurasiatic and the Sahabi (Africa) forms for comparison in order to get a better 
description and a more complete multivariate analysis (Fig. 1). 
Venta del Moro with an estimated age of 5.8 Ma (OPDYKE et al. 1997)  is a locality in 
the Mediterranean region that has an abundant assemblage of both micro and 
macrovertebrates belonging to the end of the Miocene (late Turolian, MN 13). Venta 
del Moro has been extensively discussed (AGUIRRE et al. 1973; ROBLES 1974; JIMÉNEZ 
1976; MORALES & AGUIRRE 1976; CAMPO 1976, 1989; ALBERDI et al. 1977; MAZO 
1977; MORALES et al. 1980; ROBLES et al. 1983, 1991; MORALES 1984; CERDEÑO 1989; 
LÓPEZ MARTÍNEZ 1989; OPDYKE et al. 1990; PICKFORD et al. 1993, 1995; VAN GARCÍA 
FLOR 1996; MARÍN & MONTOYA 1996; MARÍN et al. 1997; FREUDENTHAL et al. 1998; 
MARTÍN SUÁREZ et al. 1998; DAWSON 1999; MADE & MORALES 1999; AZANZA 2000; 
MARÍN 2000), and provides a record fossil plants, mammals and continental mollusks. 
Thus this locality offers important information on the continental flora and fauna of the 
Mio-Pliocene transition in the western Mediterranean. It was first excavated during the 
1970s by the staff of the Museo Nacional de Ciencias Naturales, Madrid. The 
excavation of the site was taken up again by the Àrea de Paleontologia of the 
Universitat de València in 1995.  
The fossiliferous beds of Venta del Moro are included in a marls and carbonate 
sequence, and deposited in a palustrine or lacustrine environment. The fosiliferous beds 
are stratigraphically located in the upper part of the Los Isidros Member, which belongs 
to the Venta del Moro-Villatoya Formation (AGUIRRE et al. 1973; MATHISSEN & 
MORALES 1981; MARÍN et al. 2002). Based on small variations in the composition 
and/or texture of the marls, four beds rich in vertebrate remains have been distinguished 
in the sequence.  These beds have been labeled A to D following the order in which 
they were excavated. The preservation of delicate vertebrate structures and articulated 
elements in the base of the marly limestones that constitute bed A is remarkable.  In 
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contrast, the very biodetritic bed D (sandy marls),  which occasionally showed signs of 
resedimentation (rounded edges), yielded mostly fragmented vertebrate remains. Beds 
B (grey marls) and C (lignitiferous marls) show intermediate preservation 
characteristics between both extremes (MARÍN et al. 2002). 
The beds C, B and A constitute a continuous sequence, 1 m thickness at the most, that 
represents a single lacustrine cycle. This sequence becomes laterally narrower with a 
transition to bed D, consisting in lake margin sediments (MARÍN et al., 2002). All these 
beds show a quite homogeneus vertebrate assemblages and, therefore, an equivalent 
age, at the here considered resolution level. Hipparion middle-sized occurs abundantly 
in all the excavated beds. The scarce remains belonging to the other taxa are distributed 
as follows: Hipparion large-sized comes from beds A and B, and the smallest remains 
from bed C. 
The Hipparion material from Venta del Moro was described, in part, by ALBERDI 
(1974) who pointed out that the dental morphology was similar to that of the  
Hipparion material found in Layna, and that a large-sized lower p3-4 was similar to 
that found in  H. primigenium truyolsi. From the remaining material in the locality, 
ALBERDI & MORALES (1981) indicated the possible presence of H. primigenium, H. 
gromovae and another distinct form that they call Hipparion sp. I.  SONDAAR & 
EISENMANN (1995) assigned the Venta del Moro remains to H. cf. H. dietrichi. 
 
2. Material and Methods 
Material.- The studied material comes from VM, Valencia, Spain (AGUIRRE et 
al. 1973; MORALES 1984) (Fig. 1).  
This material is stored in the Museo Nacional de Ciencias Naturales, Madrid (MNCN), 
and of the Museu de Geologia de la Universitat de València (MGUV). 
Upper teeth: a right and left series P2-M3 of the same individual, one right series P3-
M3 and one left series P2-M3. Isolated teeth: 33 P2, 77 P3-4, 71M1-2 and 31 M3. Milk 
teeth: 10 D2 and 34 D3-4.  
Lower teeth: a complete jaw with incisors and a right and left series p2-m3; one right 
mandible with p2-m3, one series p2-m3, one series p2-p4 and one series p4-m2; 
isolated teeth: 30 p2, 40 p3-4, 63 m1-2 and 22 m3. Milk teeth: three d2 and d3-d4; and 
eight petrosal bones. 
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Appendicular skeleton: five humeral distal fragments; one complete radius and 10 distal 
fragments; three McII fragments, 41 McIII (10 complete), two McIV fragments; nine 
tibiae distal fragments; 14 calcanea (three complete); 37 astragali (27 complete); three 
MtII fragments, 18 MtIII (seven complete), eight MtIV fragments; 24 1PhIII complete 
and eight fragments, 26 2PhIII complete and four fragments, one 3PhIII complete; 11 
scaphoids, 11 magnums, six lunata, six trapezoids; 19 ectocuneiforms, 12 naviculars, 10 
cuboids; eight complete first lateral phalanges and one fragment, and one complete 
second lateral phalanges.  
Material for comparison included Turolian forms from Spanish localities Hipparion 
concudense PIRLOT 1956 from CG (Concud); Hipparion gromovae VILLALTA & 
CRUSAFONT 1957 from ML; Hipparion gromovae and Hipparion periafricanum 
VILLALTA & CRUSAFONT 1957 from ARQ and Hipparion gromovae and Hipparion 
periafricanum from KS (PESQUERO 2003). Also included remains from Central Europe 
and Asia, of the Vallesian and Turolian forms from Höwenegg (Germany; BERNOR et 
al. 1997; and raw data that he send us from Höwenegg), Samos (Greece, BERNOR & 
TOBIEN 1989), and Hipparion elegans (small form from PAV Kazakhstan, GROMOVA 
1952, and own data), and from Africa we include remains from Sahabi (BERNOR & 
SCOTT 2003).  
Methodology.- The nomenclature and measurements follow the recommendations of 
the ‘Hipparion Conference’, New York, November 1981 (EISENMANN et al. 1988).  All 
dimensions are expressed in millimetres.  
We used morphological and morphometric characters (Fig. 2), and degree of wear on 
upper and lower cheek teeth (i.e. germ to unworn teeth, I, II, III, IV, and V) proposed 
by ALBERDI (1974: figs. 1 and 2). Whenever possible, we include references to 
mandible characters on the scarce specimens available. We calculated the hypsodonty 
index on teeth that were unworn or only slightly worn. This index is defined as the ratio 
between the mesio-distal length (2) and the height of the unworn teeth (1) (EISENMANN 
et al. 1988: figs. 6-8). Dimensions of the teeth are presented in bivariate plot using the 
customary P3-4, M1-2, p3-4, and m1-2. Two bivariate plots were generated in order to 
analyze the robustness and/or slenderness of the metapodials. One plot, following 
BERNOR et al. (1990), juxtaposed the maximum length (McIII1 or MtIII1) versus the 
distal articular breadth (McIII11 or MtIII11).  The second compared maximum length 
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versus minimal breadth of the diaphysis (McIII3 or MtIII3). Also bivariate plot were 
generate on 1PhIII. Over the bivariate plots with calculated 95% confidence ellipses to 
better describe the range of variability in the analysed samples. Bivariate analyses: we 
perform an ANOVA and use Tukey’s Honestly Significant Difference to determine 
differences between pairs. Bivariate and multivariate analyses were performed with the 
numerical data to establish size similarities. Metapodials, astragali, and first phalanges 
were analysed using principal component analysis (PCA) to evaluate similarities and/or 
differences among size and length the different Hipparion remains of VM and to assess 
their relationship with the remains from other localities. After these groups were 
identified, based on the PCA, we preformed a discriminant analysis (DA) following the 
Mahalanobis method with the aim of maximized the separation between the groups 
being identified and also to evaluate whether the centroids differ significantly or nor, 
and often to identify specimens not included in the original analysis which established 
the groups.  Calculations were made using SPSS 11.0.  
Abbreviations.- DPOF: dorsal preorbital fosse; P/M: upper teeth; p/m lower teeth; L: 
length; W: breadth; HI: Hypsodonty index; Apre: Anterior-prefossette; Dpre: Distal-
prefossette; Apof: Anterior-postfossette; Dpof: Distal-postfossette; McIII and MtIII: 
metacarpal and metatarsal respectively; SI: Slenderness index; 1PhIII, 2PhIII and 
3PhIII: first, second and third phalanges of the third digit respectively; PCA: Principal 
Components Analysis; DA: Discriminant Analysis.  Localities: ML: Milagros; KS: Las 
Casiones; ARQ: El Arquillo; VM: Venta del Moro; CG: Cerro de la Garita (Concud), 
HO: Höwenegg; SA: Samos; PAV: Pavlodar (small size); and SH: Sahabi.  
 
3, Results 
Morphological and univariate analysis 
The bivariate plot of the dental measurements indicates that the remains from VM are 
clearly gathered within the distribution of the PAV, KS, ARQ, ML and SA  remains, 
overlapping each other to a great extent (Fig. 5). The scarce teeth from Samos are place 
among small remains of H. matthewi or between H.matthewi and H. periafricanum. The 
bivariate analyses performed of the upper teeth clusters the majority of the VM teeth 
with those from KS; PAV remains are distributed among the largest from VM and those 
from ML and ARQ within the VM smallest ones. H. periafricanum teeth are clearly 
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smaller. Nevertheless,  in the P3-4 bivariate plot, three premolars from VM are 
distributed among those of HO (MNCN-11307, VV-1591, VV-4699). The greater part 
of the VM teeth are distributed among those of PAV, KS, ARQ, ML, and Samos (Fig. 
5).  
As for the lower teeth, the largest one is a m1-2 (MNCN-10982), very large in size, that 
is placed into the HO distribution. Its morphology is similar to H. primigenium remains, 
whose occlusal surface presents a very complicated enamel wrinkle. The KS teeth 
distribution includes the larger part of the VM remains as well as the ones from PAV, 
ML, ARQ, and SA. The PAV remains are distributed among those of medium size from 
VM and those from ML and ARQ among the smallest.  
The metapodials bivariate analyses (Fig. 6) indicate that the McIII examples as well as 
the MtIII ones from VM are very similar to those from PAV, ML, SA, and SH. The H. 
periafricanum remains rest out the H. matthewi distribution. The analyzed metapodial 
samples of these deposits have a similar length to those from CG, but their diaphysis 
breadth is larger and more robust. McIII’s from Milagros are shorter but similar in 
breadth to those from PAV, SA and VM. That is, they are smaller but more robust.   
With regard to the first phalanges, two analyses have been carried out: one with the 
anterior 1PhIII and the other one with the posterior 1PhIII (Fig. 7).  In both cases, the 
distribution of the VM phalanges coincides to a large extent with that from PAV 
(specially the posterior 1PhIII) and overlap with that from KS. In spite of having 
similar length, the 1PhIII coming from CG detaches itself from the VM sample due to 
the small size of its diaphysis, in VM, that gives it a more graceful appearance. The ML 
remains are place betweem H. periafricanum and H. matthewi distributions. There is a 
1PhIII posterior (VV-11216) that on place in the latter group. 
The ANOVAs analyses with regard to the McIII, the MtIII, the astragalus and the first 
phalanges indicate the significant differences between VM samples and the others 
localities analysed in this paper (Table 5). As for the McIII, the measures 3 and 7 are 
0.05 significantly differents the CG, HO and H. periafricanum remains, while the 
measure 1 of VM are similar in all localities analysed, except from KS and ML that are 
only one specimen. With regard to the metatarsals, their lengths are comparatively 
similar with all localities analyses, while measures 3 and 7, breadth dimensions, are 
significantly differents that CG, HO and H. periafricanum, that indicate significant 
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differences in robustness. In the astragali remains some parameters (measures 1, 2 and 
4) indicate that VM remains are significantly differents (0.05) from CG, HO and H. 
periafricanum remains, and very similarities to KS, PAV, and SA. Only two VM 
astragali are significantly smaller in measures 2 and 4 than the bulk of the remains from 
this site and are very similar to those from ML except for the navicular articulation. ML 
have astragali significantly different than VM. The anterior 1PhIII from VM are 
significantly different only that H. periafricanum in measures 1 and 5 and also that CG 
and HO in measure 3, and very similat to KS, ML, PAV and SA, while the posterior 
phalanges are significantly different those CG, HO and H. periafricanum from Las 
Casiones in measure 1, and measures 3 and 5 are similar that occurred in the anterior 
phalanges. To sum up, no significant differences between those from VM remains and 
those of H. gromovae from KS and ML, H. elegans from PAV, and H. matthewi from 
SA are found. Consequently, we suggest that this high similarities among them 
recommend synonymized among them, and the priority correspond to H. matthewi. 
 
Multivariate analysis 
Principal component analysis (PCA).- The Principal component analysis allows us to 
evaluate the similarities and/or differences in size and length between the studied VM 
remains and the samples of the other localities included for comparison.  
The PCA of skeletal measurements, enables us to identify two main groups with regard 
to the size and length. The first group clusters the specimens belonging to CG and HO 
as they are larger in size while the second one joins the relatively smaller specimens 
from VM, KS, PAV, SA, SH, and ML. 
Regarding second group, the VM remains, those of H. matthewi from PAV, KS, SA and 
SH overlap among them, while the ML remains are isolated since they are the smallest 
in size. As for the McIII PCA (Fig. 8; Table 6), the first component is mainly 
influenced by the proximal articular breadth (McIII5) and distal maximal depth of the 
medial condyle and distal maximal articular breadth (McIII14 and McIII11). In the 
second component, the most influential variables are the maximum lengths (McIII2 and 
McIII1) and the antero-posterior measurements of depth of the diaphysis (McIII4). The 
variance accumulated by the two component reached 87.43%. In this way, we observe 
that among smaller size metacarpals, some from PAV and the one from KS are more 
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robust. The ML specimen is the smallest in size and those from CG and HO are the 
largest and the most robust.   
The results of the MtIII PCA are similar to those of the McIII PCA (Fig. 9). In the first 
component, the most influential characters are the maximal diameter of the articular 
facet for the third tarsal, distal minimal depth of the lateral condyle and distal maximal 
supra-articular breadth (MtIII7, MtIII13 and MtIII10). In this component we observe: 
(1) one group showing a more robust MtIII, (2) other group that exhibits a more slender 
MtIII, and (3) another group with the smallest remains of H. periafricanum from 
Casiones. The most robust MtIII correspond to HO and CG Hipparion, while the most 
slender MtIII belong to VM, PAV, KS, SA y ML (Tabla 6).  In the second component 
the most important variables are the maximal lengths (MtIII2 and MtIII1) and the 
proximal articular breadth (MtIII5). These two components accumulated a variance of 
89.03%. In the second group the shortest metapodial is that from ML, and the longest is 
from Samos, and in general, the metatarsals from VM, PAV, and KS overlap.  
The astragalus PCA differentiates three groups: the first includes CG and HO remains 
as well as one from Venta de Moro (VV-696), the second comprises all the remains 
from VM (with the exception of VV-696), PAV, KS and ML (Fig. 10), and the third 
include only H. periafricanum from KS. In this analysis, all the characteristics 
influence the first component; therefore, this component emphasizes the size of the 
different specimens. The breadth of the trochlea (AS3) carries the most weight in the 
second component. The first component clearly separates all the groups. In the second 
group, the smallest remains in size correspond to those from ML and two specimens 
from VM (VV-1893, VV-3304) that overlap among them. Both components 
accumulated a variance of 97.13% (Table 6).   
In the calcaneus PCA only three specimens are from VM, two of them are included into 
the PAV and KS distribution – greatly overlapping between them-, while the other one 
(VV-1894), smaller in size, is similar to the smallest astragali from ML. 
As for the first phalanx PCA (Fig. 11, Table 6), the most influencial for the first 
component are the proximal breadth, the minimal breath, and the distal breadth at the 
tuberosities (1PhIII4, 1PhIII3, and 1PhIII6).  With regard to the second component, the 
anterior length and the maximal length are the most important variables (1PhIII2 and 
1PhIII1). Both components accumulated a variance of 87.35%. In this diagram, the VM 
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specimens overlaps those from PAV and KS, and, at the sametime, those from PAV are 
separated into two individualized groups, corresponding to the anterior and posterior 
phalanges (Fig. 11, Table 6).  The CG and HO phalanges have similar lengths to VM 
but their breadths are larger (more robust) and those from ML are the smallest.   
Discriminant analysis (DA).- Discriminant analysis was carried out on the results 
obtained from the PCA, to the aim to maximized the separation between the groups 
being identified. As consequence of PCA results, the bulk of the VM remains are now 
joined to the KS, PAV, SA and SH ones; as for, the small remains from VM, they lie 
with those from ML, while H. concudense from CG and H. primigenium from HO 
remains as independent groups. The McIII DA separates the VM + KS + PAV + SH 
group from the other localities  (Fig. 12, Table 7).  All of the analyzed groups have 
been correctly identified in 100% of the cases.   
The MtIII DA also gives these results, but there are certain overlappings with some 
specimens from CG (Concud) in 5.3% of the cases (Fig. 13, Table 7).  
The astragalus DA confirms the separation observed in the PCA. The specimens from 
VM + KS + PAV + SA are correctly classified in 87% of the cases, overlap with CG in 
11.7% (9 specimen) and in 1.3% (1 specimen) with H. primigenium from HO; the 
remains from CG are correctly identified in 94.4% of the cases and overlap with those 
from VM + KS + PAV + SA in 5.6%; those from ML + VM (smallest) are correctly 
identified in 100% of the cases  (Fig. 14, Table 7).   
In the 1PhIII DA (Fig. 15, Table 7), VM + KS + PAV + SH are correctly clasified in 
87.5%, overlap with CG in 4.2% of the cases, with HO in 8.3% (4 specimen); the 
remains from ML and VM (smallest) are correctly classified in 100% of the cases.   
 
4. Discussion 
The obtained results from the frequency analyses for as well as from the PCA, indicate 
the presence of a predominant form of Hipparion in VM, and a much less important 
group of remains significantly larger or smaller in size. There are four teeth that are 
larger in size located in the HO distribution (VV-4699, VV-1591, MNCN-11307, 
MNCN-10982). This last one is comparable in size and morphology with H. 
primigenium. Regarding the postcraneal skeleton (Fig. 4), only one bone, an astragalus 
(VV-696) exceeds the size of the other remains. On the other hand, six bones -two 
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astragali (VV-1893, VV-3304), one calceneum (VV-1894), two 2PhIII (VV-833, VV-
6182), and one 1PhIII (VV-11216)-, are located below the distribution of VM, PAV, 
KS, SA and SH and near the distribution of ML. Latter remains are still significantly 
larger than those of H. periafricanum (Table 5).  
To sum up, the largest remains from VM site are equivalent to H. primigenium remains 
from several European localities. The m1-2 and P3-4 morphology (MNCN-10982, VV-
4699, VV-1591, MNCN-11307) are very similar to those of H. primigenium teeth, with 
a very complicated enamel folding on its occlusal surface and similar degree of 
hypsodonty. The biggest astragalus is also included among the distribution of H. 
primigenium. In the comparison between VM and KS remains (PESQUERO 2003) 
indicates that in latter locality only a few remains were attributable to H. primigenium 
(a distal tibia fragment KS-1243, and a second lateral phalange KS-2309). And that 
they were similar in size to the VM largest remains.  
Both the morphology and dimensions of the majority of VM remains are very similar to 
the ones of KS which were assigned to Hipparion gromovae by PESQUERO (2003). This 
form, in the two deposits, is charaterized by both a dentition and a postcraneal skeleton 
showing a medium-small size, smaller than that of Hipparion concudense from CG and 
bigger than that of Hipparion from ML. The dentition, in KS, PAV, SA as well as in 
VM, is characterized by a medium folding enamel in the occlusal surface and a medium 
hypsodonty. The metapodials figured (Figs. 4a to 4d) correspond to scale of specimens 
from VM, H. matthewi. 
The VM smallest remains are similar to those from the ML deposit, and were assigned 
to Hipparion gromovae by ALBERDI & ALCALÁ (1989-90). Due to the scarcity of 
remains, an exhaustive morphological description can not be carried out. ANOVAs 
analyses have made possible to separate the smallest VM remains both from the rest of 
the remains belonging to this location and from the KS smallest remains that were 
attributed to Hipparion periafricanum by PESQUERO (2003). 
How we sugget above the comparative analysis among VM + PAV + KS+ SA + SH  
we obtain a first result relate to the taxonomical place of the predominant form of 
Hipparion in VM. That is the clear resemblance among them and consequently we 
synonymized H. gromovae and H. elegans with H. matthewi that was the priority rules. 
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5. Systematic Palaeontology 
 
Order Perissodactyla OWEN, 1848 
Infraorder Hippomorpha WOOD, 1937 
Superfamily Equoidea HAY, 1902 
Family Equidae HAY, 1902 
Genus Hipparion CHRISTOL, 1832 
Hipparion primigenium (V. MEYER 1829)  
or Hippotherium primigenium (sensu BERNOR et al. 1996) 
 
Holotype: lacking 
Lectotype: Fragment of right lower cheek teeth (P2-P4), SENK M1421 from 
Eppelsheim (Rheinhessen, Germany), stored in the Senckenberg Museum (Frankfurt, 
Germany) sensu WOODBURNE et al. (1996). Referred in v. MEYER (1833: tab. XXX-
XXXI, figs. 17, 18 and 19).    
Type locality: Eppelsheim, Alemania (MN9). 
Stratigraphic distribution: Late Miocene, Vallesian and Turolian, from around 11.1 to 
6.5 Ma. 
Geographic distribution: Eurasia: Spain, Portugal, Greece, Turkey, Russia, China, 
Pakistan, India, among others; Africa: North and East Africa. 
Material: m1-2 (MNCN-10982), three teeth P3-4 (MNCN-11307, VV-1591, VV-4699),  
and an astragalus (VV-696) (Figs. 3 and 4).  
Emended diagnosis: robust Hipparion species; large upper and lower cheek teeth, with 
characteristic enamel plications that decrease with wear. Robust metapodials that 
become more slender in later populations of this species but with the same structure. 
Well developed DPOF.  
Description: From VM, the only material assigned to Hipparion primigenium was a 
m1-2, three P3-4 and an astragalus, which are included in this species due to its size. 
The molars are only slightly hypsodont and the morphology of the enamel on the 
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occlusal surface is complicated, similar to that of populations of this species from the 
Calatayud-Teruel Basin.  
 
Hipparion matthewi (ABEL 1926)  
(or Cremohipparion matthewi, sensu BERNOR et al. 1996) 
Synonyms: 
1957 Hipparion gromovae VILLALTA & CRUSAFONT 1957. 
1968 Hipparion elegans GROMOVA 1952, in FORSTEN 1968, p.53. 
Holotype: Skull OK-557 Geological Insttiute, Budapest. Following FORSTEN (1968) 
this was referred (photograph) in KORMOS (1911 according to GROMOVA 1952). 
Described by ABEL (1926). 
Type locality: Unknown locality of Samos (Greece). 
Stratigraphic distribution: Late Turolian of Samos. 
Geographic distribution: This species has been found at several localities in the Esatern 
Mediterranean; besides Samos it is also known from Salonike and Maragha. It is also 
found in Pavlodar (Kazahkstan, Asia). In Spain it is found in the Teruel, Cabriel and 
Granada Basins. 
Material: specified in the “Materials and Methods” sections, except for three upper P3-
4 (MNCN-11307, VV-1591, VV-4699), one m1-2 (MNCN-10982) and an astragalus 
(VV-696) belonging to H. primigenium, two astragali (VV-1893, VV-3304), one 
calcaneum (VV-1894), one 1PhIII (VV-11216), and two 2PhIII (VV-6182, VV-833) 
belonging to H. matthewi ssp. (Figs. 3 and 4). 
Diagnosis: Slender, medium-small sized Hipparion. Molars are hypsodont and the 
design of enamel of the occlusal surface is moderate on both the upper and lower teeth. 
Small oval protocone that only merges with loph in cases of advanced wear, and pli 
caballins single in the mayority. The protostylid is weakly developed on the lower 
molars and missing at times on premolars. Absent ectostylid; small oval protocone that 
only merges with loph in cases of advanced wear. Bones of the postcranial skeleton are 
slender and the metapods elongate and slender.  
Description: The upper teeth are characterised by their medium to small size and the 
moderate enamel plication. The protocone is lenticular in shape on teeth showing little 
wear and flattened and rounded on molars that are worn. Mean length of the premolars 
  
15
  
is 6.4 mm and 6.9 mm in molars (Table 1). The protoloph in 11 P3-4 is only joined in 
cases of advanced wear (<1cm). The fossette folds are medium (premolars: Apref.: 0-9 
mode 6; Dpref.: 1-8 mode 6; Aposf.: 0-7 mode 4; Dposf.: 0-2 mode 1. Molars: Apref.: 
0-7 mode 1; Dpref.: 1-8 mode 5; Aposf.: 1-7 mode 2; Dposf.: 0-5 mode 1) following 
ALBERDI (1974). The caballine fold varies between 0 and 2, while the mode for both 
molars and premolars is 1. The hypsodonty index is 2.5 in P3-4 and 2.4 in M1-2 (Table 
2).  
In the lower teeth the premolars are more robust than the molars. The enamel is smooth 
with a rounded oval double-knot that becomes more angular with wear. The 
linguaflexid is wide and shallow in unworn teeth and deeper in worn teeth.  The 
ectoflexid is slightly developed in premolars and very developed in molars, where it 
crosses isthmus, between preflexid and postflexid, reaching the linguaflexid only in 
some cases. The protostylid is not very developed and is only joined to the protoconid 
in three m1-2 (MNCN-11061, MNCN-11105a, MNCN-11105b) in states of advanced 
wear (<1 cm). The hypsodonty index is 2.5 in p3-4 and 2.7 in m1-2 (Table 2). 
The postcranial remains are medium to small in size (Table 3). In the metacarpians the 
angle between the magnum facet and the hamatum facet is open, with a mean of 120º in 
eight measured specimens. The hamatum facet is elongated. In three samples it is 
divided into two facets with a canal between them and moreover, it has two McIV 
facets. The magnum facet is subtriangular in shape with a well developed and rounded 
muscular insertion area. The gracility index (measures 1/3) in the metacarpians is 10.3 
(Table 4).  
In the metatarsal, the cuboid facet varies in size among samples. In samples where the 
facet is most developed it is subquadrangular in shape and in samples where it is less 
developed it is subrounded. In five measured samples, the angle formed between the 
cuboid facet and the large cuneiform was, on average 137º. The small cuneiform facet 
is observed only in samples where it is well-developed and is subquadrangular in shape. 
Some samples have two MtIV facets, both rounded, being more clearly obserbable the 
one in the posterior side. The facet belonging to the muscular insertion of the grand 
cuneiform has a variable development. The metatarsals slenderness index (measures 
1/3) is 9.5 (Table 4).   
  
16
  
They are morphological differences between the forelimbs first phalanges and the hind 
extremities ones. In this way, the proximal articulation facet is oval-elongated in the 
former and sub-cuadrangular in the latter; the ventral groove is more pronounced in the 
posterior phalanx, and in general the anterior phalanges are more slender than the 
posterior ones (Table 4).   
The astragalus shows an elongated articular surface for the calcaneus (c) that sometimes 
contacts with the biggest condyle of the trochlea. The facet b has a small facet aside, 
isolated and elongated, that in only one specimen is connected to the facet b forming a 
continuous articular surface. The articulation facet with the navicular takes a 
subtriangular form and the muscular insertion area has a variable development. The 
cuboides facet is subtriangular and it forms a prominent angle with the navicular facet 
(Table 4).   
 
Hipparion matthewi ssp.  
Material: two astragali (VV-1893, VV-3304), one calcaneum (VV-1894), one 1PHIII 
(VV-11216), and two 2PhIII (VV-6182, VV-833) (Fig. 4). The astragalus VV-1893 and 
the calcaneus VV-1894 belong to the same individual. These six bones are small in 
size, and they are the smallest remains of VM of H. matthewi, but still significantly 
larger than those of Hipparion periafricanun from KS and similar to the Milagros 
remains (Table 5).  Hipparion from latter locality is smaller than Venta de Moro, 
Casiones and Arquillo into the same species of H. matthewi.   
 
6. Conclusions 
In the Venta del Moro assemblage (late Turolian, MN13) there are three different 
Hipparion forms represented. The first one is assigned to Hipparion primigenium (or 
Hippotherium primigenium sensu BERNOR et al. 1996) by means of the size and 
morphology of the four existing molar and an astragalus. The second one, which is 
predominant form in VM, corresponds to a medium-small size Hipparion that we 
assigned to Hipparion matthewi (or Cremohipparion matthewi, sensu BERNOR et al. 
1996 ). The third one includes the smallest remains in size and it is attributed to a 
subspecies of Hipparion matthewi. Due to the scarcity of remains we prefer not to give 
a subspecific name to these specimens: Hipparion matthewi ssp.  
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The material assigned to Hipparion primigenium is very scarce. In spite of this, it is 
possible to observe claracteristics  both in size and morphology that are identical to the 
ones of H. primigenium from Europe and especially with Höwenegg (Germany). 
The bulk of the remains has been assigned to the species Hipparion matthewi because 
of its similarities in size as well as in morphology with H. gromovae from different 
Spanish localities, H. elegans from Pavlodar and H. matthewi from Samos and Sahabi. 
The detailed study of the Venta del Moro material allows us to observed some 
differences into the bulk remains. To evaluate these differences at specific level is 
difficult but they can indicate different environmental conditions and could be 
considered at subspecific level. Therefore, we named the Venta del Moro smallest 
remains in size (very similar to the Milagros form) as H. matthewi ssp. In the future, a 
detailed revision of Hipparion material from Milagros could solve this question.   
These results could be indicate an extensive dispersion of H. matthewi from  Asia to 
Europe occidental. Also the presence of H. primigenium in Spain until the end of 
Miocene indicate a survival of this species through out time.  
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Table Captions 
Table 1. Hypsodonty index of the Spanish Hipparion.  
Table 2. Dimensions in millimetres of the Venta del Moro Hipparion lower and upper 
cheek teeth. Abbreviations: P/p: upper and lower premolars; M/m: upper and lower molars. 
Nomenclature following EISENMANN et al. (1988). 
Table 3. Dimensions in millimetres of the Venta del Moro Hipparion 1PhIII, Astragalus, 
McIII and MtIII. Nomenclature same as in Table 2.  
Table 4. Gracility index of the Spanish, Asian and African Hipparion. 
Table 5. Homogeneus subsets calculated by Tukey´s HSD test (p < 0.05) showing the 
significant differences among Ast., 1PhIII, McIII and MtIII from VM, KS, ML, PAV, 
SA, SH, CG and HO.  
Table 6. Most influential characters for component 1 (corresponds to size) and 
component 2 (corresponds to length) in the Principal Component Analysis (PCA). 
Table 7. Percentage correct classification by cross-validation techniques. 1: Hipparion 
matthewi (VM + KS + PAV + SH + SA); 2: Hipparion matthewi ssp. (ML + VM); 3: 
Hipparion concudense (CG); 4: Hipparion primigenium (HO). 
 
 
 
 
 
 
Figure Captions 
Figure 1. Geographic distribution of the localities. 1, Venta del Moro; 2, Teruel area: 
Cerro de la Garita (Concud) (CG), Las Casiones (KS), El Arquillo (ARQ) and Milagros 
(ML), 3 Pavlodar (PAV), 4 Samos (SA), 5 Sahabi (SH), 6 Höwenegg (HO).  
Figure 2. Morphological characters of the upper (top) and lower (bottom) cheek teeth of 
Hipparion. 
Figure 3. Hipparion from Venta del Moro (Valencia, Spain). A-B. Hipparion matthewi 
VILLALTA & CRUSAFONT, 1957. A. VV-7859, left maxilar with P2-M3. B. VV-819, 
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right maxilar with P2-M3. C-E. Hipparion primigenium V.MEYER, 1829. C. VV-4699, 
left P3-4. D. VV-1591, right P3-4. E. MNCN-11307, right P3-4: in section (E1), and in 
occlusal view (E2). F. Hipparion matthewi VILLALTA & CRUSAFONT, 1957, VV-817, 
mandible in lateral view (F1), and in occlusal view (F2). G. Hipparion primigenium 
V.MEYER, 1829, MNCN-10982, right m1-2. Scale bar is 20 mm. 
Figure 4. Hipparion from Venta del Moro (Valencia, Spain). A-E. Hipparion matthewi 
VILLALTA & CRUSAFONT, 1957. A. VV-3171, left McIII. B. VV-7211, right MtIII. C. 
VV-699, right MtIII. D. VV-8287, right McIII. E. VV-5358, left calcaneus. F. 
Hipparion matthewi ssp., VV-1894, calcáneo izquierdo. G. Hipparion primigenium 
V.MEYER, 1829, VV-696, right astragalus. H. Hipparion matthewi VILLALTA & 
CRUSAFONT, 1957, VV-8291, left astragalus. I-K. Hipparion matthewi ssp. I. VV-3304, 
left astragalus. J. VV-1893, left astragalus. K. VV-833, 2PhIII. L. Hipparion matthewi 
VILLALTA & CRUSAFONT, 1957, VV-7728, 2PhIII. Scale bar is 30 mm. 
Figure 5. Occlusal length vs occlusal breadth plotted for the upper and lower cheek teeth 
(p3-4, m1-2, P3-4 and M1-2) of Spanish and Asiatic Hipparion localities. 95% confidence 
interval ellipses superimposed. Continuous line for H. primigenium, dashed line for H. 
matthewi, and dotted line for H. periafricanum.  
Figure 6. Scatter diagram of the McIII and MtIII (dimension 1 vs dimension 3, and 
dimension 1 vs. dimension 11) of Spanish and Asiatic Hipparion localities. 95% 
confidence interval ellipses superimposed. Continuous line for H. primigenium, dashed line 
for H. matthewi, and dotted line for H. periafricanum.  
Figure 7. Scatter diagram of the 1PhIII (dimension 1 vs dimension 3) of Spanish and 
Asiatic Hipparion localities. 95% confidence interval ellipses superimposed. Continuous 
line for H. primigenium, dashed line for H. matthewi, and dotted line for H. periafricanum.  
Figure 8. Principal component analysis of the distribution of Spanish and Asiatic 
Hipparion  localities using the McIII. The parameters used follow the “Hipparion 
Conference” recommendations (EISENMANN et al. 1988).  
Figure 9. Principal component analysis of the distribution of Spanish and Asiatic 
Hipparion localities using the MtIII. The nomenclature of the parameters same as in figure 
7. 
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Figure 10. Principal component analysis of the distribution of Spanish and Asiatic 
Hipparion localities using the astragalus. The nomenclature of the parameters same as in 
figure 7.  
Figure 11. Principal component analysis of the distribution of Spanish and Asiatic 
Hipparion localities using the first phalanx III. The nomenclature of the parameters same 
as in figure 7.  
Figure 12. Discriminant analysis based on the PCA results (see Fig.7) of the McIII of 
Spanish, and Asiatic Hipparion localities.  
Figure 13. Discriminant analysis based on the PCA results (see Fig.8) of the MtIII of 
Spanish and Asian Hipparion localities.  
Figure 14. Discriminant analysis based on the PCA results (see Fig. 9) of the astragalus of 
Spanish and Asian Hipparion localities. 
Figure 15. Discriminant analysis based on the PCA results (see Fig.10) of the first 
phalanx III of Spanish and Asian Hipparion localities. 
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Tablas
Table 1
HIPSODONTY INDEX
   H. concudense (CG)    H. matthewi (KS)    H. matthewi (ARQ) H. periafrica
N D.est X N D.est X N D.est X N D.est
P3-4 (13) 0,13 2,5 (3) 0,11 2,5 (3) 0,1 2,7 (2) 0,13
M1-2 (19) 0,12 2,6 (17) 0,16 2,7 (10) 0,11 2,8 (7) 0,14
p3-4 (16) 0,09 2,4 (2) 0,16 2,3 (1) - 2,7 (2) 0,02
m1-2 (19) 0,12 2,6 (14) 0,18 2,7 (3) 0,05 2,8 (5) 0,04
Tablas
num (KS)    Hipparion (VM)
X N D.est X
2,9 (1) - 2,5
3,2 (9) 0,04 2,4
2,8 (1) - 2,5
3,1 (5) 0,16 2,7
Table 2
1 2 3 4 5 6
P2 VV3298 31,4 6 22 31,3 21,4 28,5
VV3318 31,4 6 22 31,2 20,3 30,2
VV4622 32 7,2 18,9 30,9 21,6 43,3
VV809 31,2 6 22 30,2 20,7 33,8
VV4555 30,2 7,1 21,6 28,8 21,3 30,5
VV3960 30,8 6,5 21,8 28,3 22,1 30,4
VV810 28,3 6,9 19,6 27,2 18,6 20
VV3202 29,3 6,2 20,5 29,4 19,1 22,7
VV2576 28,9 5,6 20,4 27,7 19,3 21,5
VV3324 32,4 6,2 22,4 0,29 20,1 35,6
VV3130 30,5 6,4 20,2 28,5 18,9 36,8
VV3727 30,8 6,2 20,9 30,1 20,1 24,6
 VV3547 30 7,3 20,5 29,1 20,2 14,8
VV3003 - 5,9 - - - 23,8
VV3325 31,1 6,6 21,6 27,8 21,2 32,5
VV4358 30 7,1 19,6 28,8 - 28,4
VV4576 30,5 7,8 19,7 28,5 18,5 37,8
VV538 26,7 7 21,1 - - 15,7
VV605 29,4 6,4 21,2 - - 15,7
VV819 28,2 6,4 21,2 - - 23,8
VV819 28,8 6,7 20,8 - - 24,3
P3-4 VV4325 26,2 7,8 22,9 21,8 21,6 39,5
VV4602 - - - 23 22,7 -
VV3266 24,8 7,3 21,7 21,3 20,5 41,6
VV3477 24,8 6,2 23,7 21,9 21,9 33,3
VV3984 25,4 7,3 22,9 0,22 22,6 34,4
VV1591 30 5,6 23,1 25,4 24,9 33,5
VV2690 24,7 7,6 21,6 21,2 20,5 43,9
VV284 22,9 8,2 21,9 20,5 20,2 33,9
VV845 23,9 5,8 22,8 22,2 21,3 28,7
VV4699 25,6 6,6 23,2 22,7 25,2 38,9
VV3907 23,1 5,3 22,3 20,7 21,7 21,1
VV3985 22,3 5,8 21,3 20 20,5 28,4
VV3409 24,2 6 21,9 20,1 19,6 40,5
VV3168 21,8 6,2 22,3 20,2 21,7 23,6
VV799 21,5 5,4 20,7 19,2 20,6 28,5
VV2769 21,7 6,5 21,5 20,7 22,1 26,8
VV2561 22,7 5,6 21,9 20,8 20,1 23
VV2911 22 5,6 21,2 19,1 19,9 26,8
VV837 23,2 6,8 23 20,9 21 21,2
VV3223 23 6,5 21,1 20,9 21 21,2
VV3887 19,7 5,5 19,9 18,4 18,9 22,9
VV3671 21 6,3 20,9 20 20,6 18
VV448 22 5,8 21,2 20,9 21,3 25,9
VV84 22,6 6,2 22 21,6 21,2 16
VV3260 20,5 6,3 20,4 20,8 20,5 0,18
VV3624 20,1 6,8 21,4 20,1 21,4 10,3
VV1114 20 6,9 21,3 0,2 21 11,4
VV2198 19,9 6,8 21,8 19,9 21,8 10,8
VV807 18,9 6 20,7 18,9 20,7 9,6
VV3329 19,2 6,4 19,8 19,2 19,8 8,3
VV1084 20,4 6,4 - 20,4 - 8,9
VV3216 19,9 5,8 20,6 19,9 20,6 7,6
VV4574 18,3 - 21,7 18,3 21,7 6,6
VV803 21,1 6 22,3 20,5 20,5 15,4
1 2 3 4 5 6
P3-4 VV1572 20,7 5,9 22,1 20,5 21,9 17,5
VV2758 20,4 6,1 22,4 20,3 21,5 15,9
VV2577 20,4 6,1 22,4 19,6 21,4 10,9
VV1606 21,6 5,5 21,5 - - -
VV819 21,4 6,5 22,8 - - -
VV819 21 6,7 22,4 - - -
VV819 20,9 6,3 0,22 - - -
M1-2 VV2108 23,9 7,5 20,2 19,6 20,6 45,5
VV3012 24,2 7,6 19,7 20,3 20,7 48,1
VV3364 24,7 8,1 19,8 19,4 20,2 46,7
VV3878 22,4 7,9 18,2 19,1 19,2 46,8
VV5266 24,4 7,7 21,8 21,1 21,3 41,8
VV800 22,4 7,7 18 19,2 19 47,5
VV4733 21,2 6,6 20 19,8 19,6 39
VV3734 21 6,3 19,4 19,7 19,7 32,9
VV2696 25,8 8,3 19,6 20,9 21,4 49,5
VV3852 22,1 7,8 17,2 19,4 20,2 46,3
VV811 24,6 6,5 20,1 19,4 20,1 47,1
VV4649 24,5 7,2 20,5 19,6 20,5 47,1
VV3279 21,2 6 18,3 18,8 18,5 40,1
VV2568 21,4 5,9 18,1 18,4 18,7 43,1
VV815 22,9 6,3 19,2 19 20,2 43,2
VV3286 21,2 6,3 19,8 19,6 19,7 35,6
VV2774 21,6 6,2 19,6 18,7 19,2 35,7
VV812 19,3 5,8 18,2 18,3 18,4 23,3
VV4793 19,8 5,9 21,3 19,2 20,8 16,9
VV494 20,1 6,8 19,9 18,3 19,4 31
VV835 20,7 6,9 20,4 19,7 20,2 20,8
VV822 18,8 6,2 19,3 18,7 19,2 18,1
VV802 19,8 7,4 20,6 19,1 20,5 21,5
VV654 24,1 8 19,8 20,5 20,1 48,3
VV549 26,1 8,1 20,7 - 22 52,5
VV4206 19,1 6,6 20,7 19,1 20,7 14
VV1816 18,4 6,1 18 18,4 18 10,9
VV3842 18,4 7,1 19,1 18,4 19,1 8,5
VV2916 18,6 6,1 20,6 18,6 20,6 11,7
VV751 18,4 7 19,6 18,4 19,6 7
VV804 18,5 6,1 20,3 18,5 20,3 8,5
VV2578 18,5 6,4 21,3 18,5 21,3 11,2
VV2578 18,8 6 20,3 18,8 20,3 12,4
VV1606 19,2 5,9 19,6 - - -
VV1606 19,5 5,5 18,5 - - -
VV819 19,2 6,3 20,1 - - -
VV819 18,6 6,6 19,5 - - -
VV819 18,7 6,6 19,5 - - -
M3 VV4510 19,4 7,3 15,8 19,6 18,2 42,3
VV289 18,9 6,2 15,9 18,3 16,9 37,8
VV3913 18,8 7,4 14,8 19,3 18,5 42,6
VV3448 18,8 6,2 17,1 19,4 17,6 30,4
VV4324 - - - 19,5 17 45,4
VV3287 19,6 5,9 17,2 20,7 17,8 28,2
VV2800 19,5 6,4 17,2 19,9 18,1 26,8
VV3334 19,7 6 17,1 20,6 18,1 27,6
VV618 18,7 6 16,7 17,9 17 29,5
VV93a 20,9 6 17,7 19,6 17,7 17,5
1 2 3 4 5 6
M3 VV836 19,6 6,4 17,6 20,3 18,3 0,27
VV4504 19,2 6,1 17,2 19,2 17,2 8,8
VV2755 18,6 6,8 17,2 18,6 17,2 11,2
VV2914 17,4 5,8 15,8 17,4 15,8 9,1
VV1692 20,4 8 17,8 20,4 17,8 8,3
VV764 21,8 7,9 18,2 - - 8,8
VV2578 19,2 6,4 18,3 19,2 18,3 13,5
VV1606 21 5,8 16,8 - - -
VV819 18 6,6 17,6 - - -
VV819 16,8 6,4 17,7 - - -
p2 VV4713 26,6 8,6 12,8 26,8 12 19,3
VV3556 24,7 10,3 11,3 24,7 12,3 10,4
VV4702 25,3 11,3 20 - 11,4 29,1
VV838 25,2 10,8 12,3 24,6 12,6 13,2
VV3307 24,7 11,3 12,7 13,3 11,6 26,1
VV5318 - 10,2 13,4 - 12,3 20,4
VV3330 27,8 12,4 12,2 27,4 12,7 31,9
VV687 26,3 11,2 13,1 24,9 12,9 16,9
VV3372 27 11,8 12,5 25,9 11,8 30,7
VV439 24,6 10,8 11,7 23,5 11,7 26,6
VV817 23,8 10,6 12,7 - - 12,9
VV1492 24,9 10,8 12,7 - - 0,14
p3-4 VV3797 22,5 11,7 14 20,4 13,3 34,9
VV3672 21,9 9,6 12,9 21,1 12,6 35,4
VV4207 22,9 9,5 13,2 22,2 11,6 25,5
VV4203 23 10,4 12,8 21,1 12,1 45,2
VV2913 22,4 10,4 13,7 22,3 12,6 0,15
VV2879 21,9 9,8 13,3 21,1 13,2 28,5
VV2029 22,9 11,1 13,8 22,3 13,9 19,6
VV813 21,1 8,2 13,3 21,1 13,3 13,5
VV5119 22 10,6 13,2 21,1 13,3 13,5
VV1694 22 11,2 13,7 20,4 13,4 41,6
VV3001 22,3 9,6 13 21,8 13,2 28,4
VV1811 22,8 9,9 12,8 20,7 13 28,6
VV2915 23,1 11,2 13,9 22,1 12,8 26,9
VV3033 25 11,3 11,1 22 13,1 54,5
VV4800 25,1 11,8 13,1 22,4 12,6 45,2
VV1761 21,9 10,9 12,3 20,3 14,1 41,3
VV3812 22,8 12,1 13,1 22,9 14,7 26,1
VV5225 22,5 11,4 12 21,4 12,4 35,8
VV823 23 11,2 12,3 - 12,2 37,4
VV2117 21,6 10,8 12,5 21,2 12,9 27,7
VV1297 19,4 6,9 10,8 18,8 11,9 0,17
VV817 21,1 11,3 14 - - -
VV817 21,3 10,4 13,7 - - -
VV817 20,4 10,2 13 - - -
VV817 19,8 10 12 - - -
VV1492 22,4 10,3 13,9 - - -
VV1492 20,9 9,2 13,7 - - -
VV169 21,3 8,7 11,9 20,4 13,6 21,7
m1-2 VV4747 24,5 10,4 10,2 19,6 10,3 48,6
VV4824 23,6 9,6 10,1 19,5 10,2 45,4
VV3072 24 10 9,8 19,2 10,7 51,6
VV5341 25,5 10,6 10,1 19,7 11,1 50,8
VV1344 20,7 8 11,4 17,5 11,8 36,8
1 2 3 4 5 6
m1-2 VV2868 20,1 7,5 11 19,3 11,4 24,1
VV1590 20,5 7,8 11,3 19,8 11,2 23,7
VV5206 22,8 10,1 10,2 20,7 10,7 42,9
VV839 20,9 8,1 10,2 19,8 10,3 22,8
VV3615 19,4 7,1 10,7 18,9 11,2 16,1
VV3649 19,6 6,9 10 19 11,5 18,9
VV1826 18,2 4,4 10,1 18,2 10,1 6,8
VV4703 18,3 5,9 10,7 18 10,6 21,7
VV3323 25,8 10,4 9,9 19,4 10,6 52,9
VV3844 20 7,4 10,6 - - 39,9
VV4208 20,8 8,1 10,1 19 10,2 22,6
VV2627 22,6 9,6 9,6 19,6 10,4 45,3
VV3243 - 7,3 9,4 - 9,4 19,2
VV4735 21,6 9,4 9,2 18,1 9,5 44,5
VV3777 19,1 7,2 10,2 17,6 10 2,6
VV443 25,1 11,1 9,5 19,2 11,4 53,3
VV5179 25,9 10,2 9,6 18,4 11,4 55,5
VV2117 20,7 8,2 12,7 19,5 11,2 20,1
VV5179 25,7 10,1 10,3 - 11,5 55,8
VV2173 18,3 4,7 11,2 18,3 11,2 8
VV817 18,4 6,5 10,8 - - -
VV817 18,2 6,5 11,1 - - -
VV817 18,1 7,1 10,1 - - -
VV817 18,8 7 10,3 - - -
VV1492 19,2 6,4 12,4 - - -
VV1492 18,6 6,9 11,1 - - -
VV169 18,4 6,1 11,4 18,3 - -
VV169 19,6 6,6 11 19,7 12,4 15,5
m3 VV808 21,2 9,3 8,3 24,1 9,4 45
VV2751 - 8,7 8,2 - - 23,8
VV1486 25 5,2 10,4 25 10,4 7,6
VV4851 22,9 7,9 10,2 23,1 9,9 22,8
VV4792 20,8 8,4 8,6 22,7 9,4 46,4
VV3146 23,4 7,5 9,9 23,9 9,6 36,8
VV4222 23 7,5 9,5 23,4 8,9 30,3
VV1492 22,8 7,2 10,3 - - 21,6
Table 3
1 2 3 4 5 6 7 8 9 10 11 12 13 14
1FIII VV1094 52,1 47,6 22,5 32,6 25,7 27,6 26,4 17,9 - - - - - -
VV3172 57,9 51,7 23,3 34,2 26,9 29,1 29,1 17,2 - - - - - -
VV2651 58,2 53,4 24 34,8 26,7 27,6 27,5 17,4 - - - - - -
VV4707 55 50,9 22,9 31,4 27 27,3 26,7 16,6 - - - - - -
VV824 53,3 47,4 23 31,4 - 27,4 27,8 16,1 - - - - - -
VV5172 52,8 48,8 20,7 28,1 24,3 26 24,5 14,5 - - - - - -
NM3109 53,5 49,2 22,8 31,7 26,6 26,8 26,9 26,5 - - - - - -
NM3939 56,3 51,2 23,2 31,9 27,5 27,3 26,7 16,3 - - - - - -
NM3111 55,8 51,4 22,4 32,2 27 27,9 28,2 16,2 - - - - - -
S/S 56,7 51,9 23,1 31,7 27,8 28,7 28 16,3 - - - - - -
ZV312 55,8 50,6 24 31,9 26,5 27,3 27,8 15,3 - - - - - -
NM3115 54,5 50,3 23,8 30,4 23,1 27,2 27,1 15,6 - - - - - -
ZV313 51,9 46,4 21,1 31,3 - 25,8 26,4 15,5 - - - - - -
VV2581 58,1 52,8 21,7 32,2 25,4 25,7 27,1 15,9 - - - - - -
VV1821 57,3 53,7 22,5 32,2 23,5 26,4 27,7 15,6 - - - - - -
VV292 55,8 51,5 21,1 31,8 24,6 26,1 27,3 - - - - - -
VV3316 64,6 60 21,6 - 25,4 27,7 28,1 14,8 - - - - - -
NM3930 61,4 57,4 22,7 34,6 26,6 28,4 28,4 17,8 - - - - - -
NM3930 61,4 57,4 22,7 34,6 26,6 28,4 28,4 17,8 - - - - - -
NM3110 54,6 51,8 21,5 31,6 23,6 27,1 28 14,8 - - - - - -
VV434 - - 23,9 - - 28,6 27,6 15,1 - - - - - -
VV1597 - - 20,6 - - - - - - - - - - -
VV2001 - - - - - 24,2 26,8 - - - - - - -
VV2009 46,8 18,1 - - 23,5 24,7 13,8 - - - - - -
S/S - - - 29,8 22,6 - - - - - - - - -
S/S - - - 32,1 0,24 - - - - - - - - -
S/S - 50,5 21,7 - - 26,8 27,8 15,2 - - - - - -
S/S - - 20,8 - 21,8 - - - - - - - - -
NM20006 - - - 30,5 23,3 - - - - - - - - -
AST. VV3175 44,8 47,9 20,3 47,7 37,4 27,8 39,2 - - - - - - -
VV3723 46 44,8 21,4 43,4 34,1 25 35,2 - - - - - - -
VV3267 48,4 43,7 20,3 44,7 37,4 24,7 36,2 - - - - - - -
VV285 48,1 46,9 20,6 45,7 33,9 25,9 37,9 - - - - - - -
VV5229 45,9 46,2 21,2 43,3 33,7 29,1 37,1 - - - - - - -
VV696 53,1 54,2 29 53 41,2 30,1 44,7 - - - - - - -
VV3731 47,1 48,7 21,6 44,8 36,1 27,1 38,7 - - - - - - -
VV3304 42,7 40,9 18,8 39,3 28,9 22,1 31,6 - - - - - - -
VV1893 40,1 38,9 16,9 36,8 27,9 22,3 30,8 - - - - - - -
VV4572 45,6 43,6 20,1 - 33,6 25,2 - - - - - - - -
VV3113 47,4 - 20,4 - 34,9 26,5 - - - - - - - -
VV816 46,3 - 21,2 - - - - - - - - - - -
VV487 - 46,2 - - - - - - - - - - - -
VV5110 44,8 43,2 19,1 0,43 - - - - - - - - - -
VV1428 47,1 - 21,7 45,5 - - - - - - - - - -
VV3099 44,7 - 20 - - - - - - - - - - -
McIII VV2563 208,1 200,6 20,8 20,4 34,1 - 29,1 10,5 3,5 29,9 - 22,5 18,3 21,6
VV699 219,6 211,6 22,1 20,9 - 22,6 - 7,6 - 31,6 - 23,4 19,9 21,5
VV1608 207 201,8 21,3 20,4 34,5 - 30,1 8,3 3,6 31,9 - 24,7 20,4 22,4
VV4215 214,4 209,8 21 19,8 - - - 6,7 - 31 - 24,3 19,5 21,9
NM3839 200,4 194,8 21,8 19,4 31,9 19,3 27,1 6,3 3,2 30,4 - 25,4 20 21,8
S/S 199,2 - 20,2 18,2 - 21 - 7,9 - 29,1 - 23,9 19,6
S/S 215,8 209,2 21,9 20 33,2 21,3 29 8,8 3,7 30,3 - 25,6 21,1 22,3
VV4685 - - - - 32,2 21,4 27,9 8,2 2,8 - - - - -
NM3889 - - - - 32,2 21,3 28,1 8,6 3,8 - - - - -
ZV307 - - - - 29,9 20 27,6 8,3 - - - - - -
1 2 3 4 5 6 7 8 9 10 11 12 13 14
McIII ZV305 - - - - 34,5 23 29,5 8,5 3,9 - - - - -
NM3921 - - - - 30,9 21,9 27,5 7 - - - - - -
S/S - - - - 34,2 - 30,1 8,8 8,3 - - - - -
MtIII VV3171 235 228,8 21,2 27,2 35,8 27,8 33,2 7,7 6,3 31,8 30,7 28 20,5 23,8
VV4501 229,2 222 24,1 34,4 27,6 33,1 7,6 5,2 31,5 30,3 26,7 19,7 22,7
VV374 234,4 227,1 23,7 25,6 34,5 27 31,8 8,5 5,5 29,1 26,2 20,6 22,9
S/S - - 20,4 22,9 - - - - - 30,5 29,7 25,5 18,9 21,7
NM3313 232,4 227,4 21,8 23,8 32,2 - 30,6 7,3 - 30,3 27,8 22,7 18 19,1
NM3840 235 229,1 22,7 24,8 36,4 35,9 32,9 8,3 4,3 33,5 32,6 28,8 21,9 25,1
VV702 - - 21.3 24.2 - - - - - - - - - -
VV3011 - - 21,1 25 - - - - - - - - - -
S/S - - - - 35,9 26,8 32,8 8,1 5,6 - - - - -
NM3984 - - 22,4 23,8 32 26 30,8 6,3 - - - - - -
NM18117 - - - - 32,9 23,6 29,8 7,05 - - - - - -
S/S - - 21,5 23,8 32,6 - - - - - - - - -
NM3980 - - 21,9 23,5 37,4 - 33 - 4,9 - - - - -
VV1479 - - 20,8 24,1 - - - - - - - - - -
VV3273 - - 22,8 24,1 - - - - - - - - - -
VV4756 - - 21.8 24.6 32.0 - - 8.6 - - - - - -
Table 4
MtIII (1/3) McIII (1/3) MtIII (1/11)
N Sd X N Sd X N Sd X
H. concudense  Cerro de la Garita (8) 0,7 11,8 (8) 1,06 12,7 (8) 0,42 14,8
H. matthewi  Milagros (2) 0,51 9,7 (2) 0,64 11,8 (2) 0,15 13,4
H. gmatthewi  El Arquillo (1) - 10,6 - - -
H. matthewi  Las Casiones (1) - 11 (1) - 14,2 (1) - 13,3
H. periafricanum  Las Casiones (4) 0,3 8,9 (2) 0,59 9,8 (4) 0,4 11,3
Hipparion  Venta del Moro (6) 0,37 9,5 (9) 0,4 10,3 (7) 0,6 12,8
H. matthewi Pavlodar (19) 0,59 9,6 (19) 0,51 11 (19) 0,55 12,3
C. matthewi Sahabi (2) 0,91 9,1 (1) 10,7 (2) 2,04 13,1
C. matthewi Samos (3) 0,51 8,7 (7) 1,32 10,5 (3) 0,25 11,1
McIII (1/11)
N Sd X
(8) 0,84 15,9
(2) 1,22 15,6
- - -
(1) - 17,1
(2) 0,68 13,1
(9) 0,51 14,1
(19) 0,51 14,1
(1) - 16
(7) 0,8 12,8
     VM H. matthewi
1 3 7 1 3 7 1 2 4
VM H. matthewi  ssp 5,25* 5,80* 4,83
KS H. matthewi 1,14 0,51 -1,62
KS H. periafricanum 63,54* 6,85* 9,84* 65,66* 6,96* 11,43* 16,11* 16,32* 14,23*
ML H. matthewi 24,54* 1,34 2,65* 3,99* 3,02* 2,36
PAV H. elegans 9,16* -0,45 0,23 2,74 -0,33 0,55 1,93* 1,56 -0,92
SA H. matthewi -0,069 -0,48 -0,006
SH H. matthewi -12,01 -1,74 -3,25*
CG H.concudense -2,18 -5,13* -2,68* -8,81 -6,59* -3,28* -6,62* -7,34* -9,33*
HO H. primigenium -4,4 -9,98* -6,05 -10,44* -8,78* -7,91* -11,59* -12,64* -17,01*
 McIII  MtIII  Ast
1 3 5 1 3 5
4,56 0,29 0,47 0,82 -0,23 -0,31
16,46* 7,67* 7,67* 15,47* 7,99* 8,09*
7,85 2,52* 2,22 8,22* 3,79* 1,67
-3,11 0,73 -0,69 1,10 0,53 -1,18
-1,53 -3,81* -3,04 -3,07* -3,97* -3,54*
-2,21 -7,71* -4,49 -8,87* -7,76* -7,21*
1PhIII post1PhIII ant
Table 6
Principal Principal
component component
of limb Number of of limb Number of 
bones character Eigen value bones character Eigen value
McIII Astragalus
First component 5 0,972 First component 4 0,985
14 0,965 2 0,983
11 0,951 1 0,981
Second component 2 0,547 Second component 3 0,326
1 0,539
MtIII First phalanx
First component 7 0,982 First component 4 0,963
13 0,98 3 0,955
10 0,977 6 0,948
Second component 2 0,472 Second component 2 0,512
1 0,443 1 0,457
Table 7
Original N 1 2 3 4
McIII 1 6 100% (6) 0 0 0
2 12 0 100% (12) 0 0
3 1 0 0 100% (1) 0
4 2 0 0 0 100% (2)
MtIII 1 19 94,7% (18) 0% 5,3% (1) 0%
2 17 0% 100% (17) 0% 0%
3 2 0% 0% 100% (2) 0%
4 5 0% 0% 0% 100% (5)
Astragalus 1 77 87% (67) 0 11,7% (9) 1,3% (1)
2 20 0% 100% (20) 0% 0%
3 8 0% 0% 100% (8) 0%
4 18 5,6% (1) 0% 0% 94,4% (17)
First phalanx 1 48 87,5% (42) 0,00% 4,2% (2) 8,3% (4)
2 35 0,00% 94,3% (33) 100% 5,7% (2)
3 5 0% 0% 100% (5) 0%
4 27 3,7% (1) 7,4% (2) 0% 88,9% (24)
